Abstract. Receiver Operating Characteristics (ROC) curve serves as a statistical tool to measure the quality of Biomarker in 5 accessing the accuracy of any diagnostic test. This paper portrays the historical background of ROC curve and reviews various 6 parametric methods adopted for fitting the ROC curve till date. The parametric ROC models that are considered in this paper 7 are Bi-Normal, Bi-Gamma, Bi-Lomax, Bi-Weibull, Bi-Rayleigh, Bi-Beta, Bi-Triangular, Bi-Uniform and Bi-Exponential ROC 8 models.
108
In measuring the biomarker X 0 and X 1 , the observed errors are ε x ∼ N (0, σ 2 ε ) and ε y ∼ N (0, σ 2 ε ) respectively.
109
Let W i be the true value of the biomarker for the i th subject and w ij denote the j th observed biomarker on the i 
and n f = n0 i=1 p i .
116
By substituting the estimates for the unknown parameters, i.e. μ 1 , μ 0 , σ 1 , σ 0 , σ ε in Eq. (3) the variance of δ for 117 the estimation of confidence interval can be obtained.
Partial ROC model for single biomarker

119
In comparing two ROC curves with same AUC but different sensitivity index, AUC may not be a perfect measure,
120
in which case partial AUC may be useful. McClish has proposed the analysis of partial ROC curves which was ap-121 plicable for both rating and continuous data sets under normality assumptions [30] . The model and its corresponding 
The calculation of variance of pAUC involves substituting Eqs (5)- (7) in Eq. (4). Once the variance of pAUC has 125 found out, the comparison of two pAUC is given as [23] .
ROC model for multiple biomarkers
127
When two or more diagnostic Biomarkers play a major role in determining the true disease status of the individual,
128
it is necessary to include all the important Biomarkers to make the decision. In such case, linear combination of 129 multiple diagnostic Biomarkers is highly useful [47] . Assuming each group follows multivariate normal distribution,
130
the methods with and without restriction on the covariance matrix were described. Su and Liu stated that the best 131 linear combination coefficient is the Fisher's Discriminant coefficient 'a' (defined in Appendix) that maximizes the 132 sensitivity uniformly over the entire range of specificity when the two distributions are normal with proportional 133 covariance matrices [47] .
134
The ROC model and the AUC is given in the Appendix. 
Proper ROC model for degenerate data
136
In the context of ROC curve, degeneracy refers to crossing of ROC curve below chance diagonal, where chance 137 line refers to the diagonal of the unit square which is shown in Fig. 3 
where F is the bi-variate standard normal distribution function with correlation − samples where j = 1, 2, 3 (assuming 3 sets); k = x, y. Depending upon j and k, the log likelihood function for the 185 estimation of μ and σ is given below.
where g 1 = g 3 = 1, g 2 = g and x ijk (i = 1, 2, . . . n) be the individual data point of the data sets. The authors stated 187 that the pooled data is less affected by the LOD when the mean is larger than the LOD.
188
The efficiency of pooling in the context of information matrix related to estimators of unknown parameters when
189
LOD exists has been analyzed by [48] . The authors showed that for a range of values of the LOD, pooling is the 190 most efficient sampling procedure and it performs poorly in other cases.
191
The task of estimating the AUC of a Biomarker whose measurement is unattainable below some limit for some 
The AUC based on pooled Biomarker is obtained by substituting Eq. (13) in AUC expression of Bi-Gamma model.
227
In the next section Bi-Lomax ROC model is presented. 
242
The ROC model and AUC is given in the Appendix. 
Bi-Beta ROC model
244
Let us now consider the forecasting in beta distribution with likelihood for probabilistic forecast is given by
where
In case of beta distribution, the closed form expression for TPR, FPR and 246 ROC model cannot be obtained but the slope of the ROC curve is given by
The expression for AUC is given as Bi-Exponential ROC model and its AUC is given by
Moreover a logit transformation is applied to area for large sample approximation. The transformed area is W = 255 log(ν), then the variance expression is given by
A GOF test as proposed by Zou et al. for comparing parametric with non-parametric AUC is given byD =Δ √
(parametric) [53] . The GOF test is used for the evaluation of logit transformation, Box-Cox transformation, non- ROC curves changes. The ROC curve generated from the model is S shaped curve i.e. it crosses the chance line.
266
To overcome this problem, we have proposed a ROC model using two parameter Weibull distribution whose den- has the density prosperity
Betinec has applied the proposed model on the data collected from a large survey conducted in Charles Uni- 
Bi-Rayleigh ROC model
2) Monotonically increasing function
304
A function is said to be a monotonic increasing function, if the first derivative is positive. Since, first derivative of
305
Bi-Rayleigh ROC model with respect to x(t) is positive i.e. 
whereδ =μ
312
Since Φ(δ) is a monotonic increasing function ofδ, it is enough to find the variance and standard error ofδ for was clear that, to whichever distribution the data fits well the accuracy is high. For example, Normal, Rayleigh, two 323 parameter Weibull, Gamma and Lognormal distribution fits the data well and the accuracy of classification obtained 324 from these distributions are quite high and for other ROC models, the accuracy is not worth notable.
325
The other ROC models also perform well in assessing the accuracy provided the data fits well. The original 326 accuracy of Bi-Exponential, Bi-Lomax, one parameter Bi-Weibull are discussed by simulating data sets from each 327 of these distributions separately and the details are provided in Table 2 . It was found that Bi-Exponential, Bi-Lomax
328
ROC model also performs well if the data fits well. But for one parameter Bi-Weibull ROC even when the data fits 329 well, the accuracy of is not up to the mark.
330
It is also to be noted that as far as the accuracy is concerned, the difference between means of two groups should 331 be considerably high for a good accuracy of classification. From Fig. 2 , it can be visualized that, if the difference 332 between μ 0 and μ 1 increases the overlapping area of the two group will become less, so that the accuracy become 333 high. In the above simulated data set, the difference between the two means is low. But if it happened to be high, Bi-Normal and Bi-Lognormal model.
361
Another drawback of Bi-Normal ROC curve is that, if the sample size is small if produces degeneracy problem.
362
In such cases, the ROC models other than Bi-Normal ROC model should be applied. Hence, an appropriate ROC 363 model should be chosen for getting exact accuracy. This paper will provide different ROC models to the Medical 364 practitioners to assess the accuracy of their diagnostic procedure for the single biomarker case as per the suitability 365 of the data set.
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F is the cumulative distribution function of X and G is the cumulative distribution function of Y and y(x) denotes the parametric ROC model for a particular distribution. 
is the density function of standard normal distribution, t i being the i th cut-off and c 1 , c 2 are the two FPR within which the area has to be calculated. 
